Abstract. In order to equalize the electric potential distribution of the grounding grid surface, and improve the safety level of the grounding grid, method for optimal arrangement of conducts in the grounding grid is proposed in this paper. The calculation results about maximum touch voltages and mesh potentials show that the method can reduce touch voltage and equilibrium surface potential. It is shown that the design of the grounding grid is related to not only the soil environment, but also the rectangular shape. Comparing with other methods, the method proposed in the paper can reduce maximum touch voltage about 12%. This method also can be applied in a uniform and non-uniform soil, rectangular and square grounding grids. The optimize effect meets the related standards of the power industry.
Introduction
Grounding grid is an important guarantee of the safe operation in substation. Grounding grid performance has been the hot spot research for a long time. Ground grid can provide a common reference point for various electrical equipment. When lightning strike or malfunction occur in power system, the grounding grid can reduce the substation ground potential rising and discharge fault current rapidly. The performance of grounding grid is directly related to the personal safety and electrical equipment operating normally.
The earliest research is the theory of the arrangement grounding grid of the non -uniform soil which was put forward by Sverak [1] . Dawalibi had made some researches about optimal placement of the ring conductor in the grounding grid [2] [3] . In 1986, Professor Chen Xianlu of Chongqing University proposed a optimization method of grounding grid in uniform soil. Professor Zeng Rong and He Jinliang researched on grounding grid performance in the high frequency situation. Professor Sima Wenxia, Wen Xishan arranged grounding grid ring conductor non-uniformly in uniform soil situation by means of Genetic Algorithm (GA). Professor Gao Yanqing studied on the optimum compression ratio of grounding grid in non-uniform soil situation. Cao Xiaobin, Hu Jinsong took the lead on the optimization design of the rectangular grounding grid [4] [5] [6] [7] [8] [9] [10] .
The research shows that the index arrangement of the grounding grid is not the optimal layout scheme. Due to the rapid attenuation of the exponential function, it will lead to dense edge mesh when the grounding grid is optimized. In this paper, a new optimize method can be applied in the uniform and non-uniform soil condition, and it is suitable for the square and rectangular grounding grid.
There are many electrical parameters to evaluate the performance about substation grounding grid. The touch voltage is the most difficult to meet the requirements, so it is selected as the optimization goal to reach the safety requirements in this paper.
The establishment of simulation model
Firstly, it is considered that the square grounding grid optimization, assuming that a=b=100m, the square length divided into n-1 parts by N ring conductors, each part being numbered from left to right, defining Mi (i=1 2…. In this formula, only the denominator of the exponent is change, when the area of grounding grid and the number of ring conductors are changed. Therefore, the optimal fitting formula is shown in formula 2. n=1, 2 , …, n-1 (2) In the fitting function b can been considered as a parameter. As long as the optimal value of b is obtained, the optimal layout scheme of the grounding grid can be received.
The influence of various factors on the optimal coefficient

The upper soil thickness
The relationship between the optimal parameter value b and the upper soil thickness h and the reflectional coefficient k is shown in figure 2. This paper makes a calculation from two situations: the reflectional coefficient k which is a fixed value and greater than zero and less than zero. In the situation of k<0, b increases with the increase of h. When h reaches a certain value (about 9 m), b reaches a maximum value, and then decreases with the increase of h. In the case of k>0, b decreases with the increase of h. When h reaches a certain value (about 7 m), b reaches a minimum value, and then increases with the increase of h. Figure 3 shows that relationship between b and reflectional coefficient of double soil. When the upper soil thickness h is a constant coefficient, b decreases with the increase of k. That means the lower soil resistivity is larger and ground grid is more uniform, when the upper layer soil thickness is constant value. 
Reflectional coefficient
Grounding grid area
With k=-0.3, the relationship between b and side length of grounding grid L is shown in figure 4 . The upper layer soil in more than or less than 10m b-L curve shows different trends.
If the h<10m, the value of b decreases as the length increases. If the h>10m, the value of b increases as the length increases. When the length increased to 180m, the optimal b value tends to be stable.
According to the above results, the optimal fitting formula of b value should be divided into two situations: h 10m and h<10m.
Fitting formula for computing the optimal value of b
Due to the optimization parameters is related to soil thickness, reflectional coefficient and the area of the grounding grid, three parameters are set as independent variables with the neural network fitting method, and each data is considered as a three-dimensional coordinate point. Let b=f(h,k,L), and the expression is shown in formula 3.
The corresponding coefficients of soil thickness of different grounding grids are shown in the following table 2. 
The optimization effect inspection in nonuniform soil situation
The enclosed station grounding grid is 100×100m2. There are seven ring conductors in horizontal and vertical directions. Grounding depth is 0.5m. The ring conductor radius is 0.08m. The upper soil resistivity is 185.714Ω•m, and the thickness is 2 meters. The lower soil resistivity is 100Ω•m. The current is 1kA. The grounding grid is arranged respectively with the optimal compression ratio optimization method (method I) and the fitting function method (method II which is the method of this paper) Figure 6 . Rectangle grounding grid for simulation When the maximum touch voltage is close to the minimum touch voltage , the optimization is the best.
The Table III shows that when the segmentation number of width is 5, maximum and minimum difference is minimal. When the aspect ratio is close to the ratio of segments, the optimization effect is best. Table 4 . Divided method of width in different rectangle
The optimization effect inspection in nonuniform soil
In a rectangular grounding grid, rectangular length is 120m and the width is 80m.The soil situation is same to III.
With the optimal compression ratio method(method I) and the fitting function method (method II which is the method of this paper), the touch voltage distribution on diagonal is shown in Figure 7 . The touch voltage distribution of the total station with method II is shown in Figure 8 . As shown in Figure 9 , the touch voltage distribution of the total station with method I. 
Conclusion
By analyzing the influence of different reflectional coefficient, the area of grounding grid and the thickness of the upper soil on the optimal coefficient, this paper obtains the optimal formula of the optimal coefficient, and applies it to the optimization of the rectangular grounding grid in the non-uniform soil. The calculation results show that:
In view of the different reflectional coefficient, the upper layer soil thickness and the area of the grounding grid, the calculation formula of the optimal layout is obtained.
In the rectangular grounding grid, when the aspect ratio is close to the ratio of segments, the optimization effect is best. Through the above results, this formula is also applicable for rectangular grounding grids and nonuniform soils. The maximum contact voltage is reduced by about 12%.
